Description 

OPTICAL TRANSMISSION APPARATUS AND OPTICAL TRANSMISSION 
SYSTEM 
Technical Field 
5 [0001] 

The present invention relates to an optical transmission apparatus for 
optically transmitting analog signals such as video signals or mobile radio 
communication signals by use of an optical transmission line, and an optical 
transmission system having the optical transmission apparatus. 
1 0 Background Art 
[0002] 

When analog signals such as video signals or mobile radio 
communication signals are transmitted through an optical transmission line such 
as an optical fiber, a direct modulation system using a semiconductor laser to 
15 perform direct modulation or an external modulation system using an external 
modulator is known as a method for converting electric signals into optical 
signals. 

Distortion characteristic after optical transmission and securement of 
CNR (Carrier-to-Noise Ratio) can be mentioned as technical problems in optical 

20 analog transmission. For example, in electro-optic conversion using the direct 
modulation system, deterioration in characteristic occurs mainly in a 
semiconductor laser itself for use in an electro-optic converter. This 
deterioration in characteristic appears conspicuously particularly when a 
high-frequency analog signal is transmitted. In order to avoid this, a 

25 semiconductor laser superior in high frequency characteristic may be used. 



However, the semiconductor laser superior in liigli frequency characteristic is 
generally expensive. On the other hand, in electro-optic conversion using the 
external modulation system, high frequency characteristic and noise 
deterioration are generally improved. However, an external modulator itself 
5 such as an LN converter or an EA converter is very expensive. 
[0003] 

In order to make it possible to use an inexpensive laser while keeping 
a good transmission characteristic in an optical transmission system, there has 
been proposed a system in which the transmission frequency of an analog RF 

1 0 signal is converted into an intermediate frequency (hereinafter referred to as 
"IF") lower than the transmission frequency, and the converted signal is 
transmitted through an optical fiber (for example, see Patent Document 1 ). In 
this system, for example, as shown in Fig. 9, the IF signal and a non-modulated 
signal are multiplexed in a low frequency band by a multiplexer unit 101 on the 

1 5 transmitter side, modulated directly by an electro-optic converter 1 02 and 
transmitted optically. On the other hand, on the receiver side, the received 
non-modulated signal is opto-electrically converted by an opto-electric converter 
103, passed through a demultiplexer unit 104, and multiplied by a multiplying 
unit 1 05. Of the multiplied wave (local signal) obtained thus, the IF signal is 

20 frequency-converted by a frequency converter unit 1 06 so as to obtain an RF 
signal. In such a system, it is therefore possible to lower the modulation 
frequency of the laser. Thus, an inexpensive laser can be used. There is 
known another system than the aforementioned system, that is, another optical 
analog transmission method about the frequency layout of a non-modulated 

25 signal (local signal) (for example, see Patent Document 2). In this optical 



analog transmission method, the local signal frequency is set at a high 
frequency band at least 1 GHz distant from the IF signal. Thus, deterioration 
of a transmitted signal is suppressed. 
[0004] 

5 The aforementioned two background-art examples are techniques 

about the method for improving the characteristic deterioration caused by a 
semiconductor laser. Deterioration due to optical reflection in an optical 
transmission line is known as another factor of deterioration in distortion 
characteristic or CNR. 
1 0 Patent Document 1 : JP-A-6-1 64427 
Patent Document 2: JP-A-1 1 -355209 
Disclosure of the Invention 
Problems that the Invention is to Solve 
[0005] 

15 As a solution to such characteristic deterioration caused by optical 

reflection, generally, fiber fusion or obliquely polished fiber connection hardly 
causing reflection is used or an optical isolator is added in the background-art 
optical analog transmission. For this reason, a fiber transmission line for 
transmitting analog signals is more expensive than a fiber transmission line for 

20 transmitting digital signals. 
[0006] 

In addition, as described above, in the background-art optical analog 
transmission, how to prevent a reflection phenomenon from occurring in an 
optical transmission line is an important problem because the characteristic 
25 deteriorates greatly due to optical reflection in the optical transmission line. It 



is therefore difficult to realize analog transmission with a superior optical 
transmission characteristic as described above, for example, by use of an 
optical transmission line such as a fiber having an unknown return loss or a 
cheap existing fiber (dark fiber) having a low return loss and provided for digital 
5 transmission, or an optical transmission line having a connector for connecting 
fibers with each other. 
[0007] 

The present invention was developed in consideration of the 
aforementioned situation. An object of the invention is to clear up factors in 

1 0 deterioration due to optical reflection and to provide an optical transmission 
apparatus and an optical transmission system in which a superior optical 
transmission characteristic can be obtained for analog signals even if a 
reflection phenomenon occurs in an optical transmission line. 
Means for Solving the Problems 

15 [0008] 

An optical transmission apparatus according to the present invention is 
adapted to include a frequency converter for converting a frequency band of a 
to-be-transmitted electric signal into a specific frequency band higher than the 
frequency band, and an electro-optic converter for performing electro-optic 

20 conversion upon the frequency-converted to-be-transmitted electric signal by 
means of a laser or an optical modulator. 

With this configuration, in optical transmission with reflection portions 
on the optical transmission line, the frequency of a signal to be transmitted is 
converted into a specific frequency higher than the signal frequency, and the 

25 frequency-converted signal is transmitted. As a result, deterioration in 



transmission characteristic due to influence of reflection can be prevented from 
occurring, for the reason which will be described later. Thus, good 
transmission can be obtained even in the optical transmission line where 
reflection is present. 
5 [0009] 

The optical transmission apparatus according to the present invention 
is designed so that a frequency converter converting the frequency band into a 
frequency band not lower than 500 MHz is used as the frequency converter, 
and a single-mode oscillation laser is used as the electro-optic converter. 

10 With this configuration, in optical transmission with reflection portions 

on the optical transmission line and by use of a single-mode laser as the 
electro-optic converter, the transmission frequency of a signal to be transmitted 
is converted into an optimal frequency range causing no deterioration in 
transmission characteristic due to influence of multiple reflection, that is, into 

1 5 500 MHz or higher when the transmission frequency is within a frequency range 
with no reflection resistance. Thus, good transmission can be obtained even in 
the optical transmission line where reflection is present. 
[0010] 

In addition, the optical transmission apparatus according to the present 
20 invention is designed so that a frequency converter converting the frequency 
band into a frequency band not lower than 200 MHz is used as the frequency 

converter, and a multi-mode oscillation laser is used as the electro-optic 
converter. 

With this configuration, in optical transmission with reflection portions 
25 on the optical transmission line and by use of a multi-mode laser as the 



electro-optic converter, the transmission frequency of a signal to be transmitted 
is converted into an optimal frequency range causing no deterioration in 
transmission characteristic due to influence of reflected return light, that is, into 
200 MHz or higher when the transmission frequency is within a frequency range 
5 with no reflection resistance. Thus, good transmission can be obtained even in 
the optical transmission line where reflection is present. 
[0011] 

In addition, an optical transmission apparatus according to the present 
invention is adapted to include a frequency converter for converting a frequency 

1 0 band of a to-be-transmitted electric signal into a frequency band lower than the 
frequency band and not lower than 500 MHz, and an electro-optic converter for 
performing electro-optic conversion upon the frequency-converted 
to-be-transmitted electric signal by means of a single-mode oscillation laser. 

With this configuration, in optical transmission with reflection portions 

1 5 on the optical transmission line and by use of a single-mode laser as the 

electro-optic converter, the transmission frequency of a signal to be transmitted 
is converted into an optimal frequency range causing no deterioration in 
transmission characteristic due to influence of multiple reflection, that is, into a 
frequency lower than the frequency of the to-be-transmitted signal but not lower 

20 than 500 MHz when the transmission frequency is within a frequency range with 
no reflection resistance. Thus, good transmission can be obtained even in the 
optical transmission line where reflection is present. 
[0012] 

Further, an optical transmission apparatus according to the present 
25 invention is adapted to include a frequency converter for converting a frequency 



band of a to-be-transmitted electric signal into a frequency band lower than the 
frequency band and not lower than 200 MHz, and an electro-optic converter for 
performing electro-optic conversion upon the frequency-converted 
to-be-transmitted electric signal by means of a multi-mode oscillation laser. 
5 With this configuration, in optical transmission with reflection portions 

on the optical transmission line and by use of a multi-mode laser as the 
electro-optic converter, the transmission frequency of a signal to be transmitted 
is converted into an optimal frequency range causing no deterioration in 
transmission characteristic due to influence of reflected return light, that is, into 
1 0 200 MHz or higher when the transmission frequency is within a frequency range 
with no reflection resistance. Thus, good transmission can be obtained even in 
the optical transmission line where reflection is present. 
[0013] 

Moreover, an optical transmission system according to the present 
1 5 invention is adapted to include an optical transmission apparatus for performing 
electro-optic conversion upon a to-be-transmitted electric signal and feeding out 
the to-be-transmitted electric signal to an optical transmission line, the optical 
transmission line for transmitting an optical signal transmitted from the optical 
transmission apparatus, and an optical reception apparatus for receiving the 
20 optical signal transmitted from the optical transmission apparatus through the 
optical transmission line and performing opto-electric conversion upon the 
optical signal so as to receive the original electric signal, an optical transmission 
line with total return loss of not lower than 60 dB being used as the optical 
transmission line; wherein the aforementioned optical transmission apparatus is 
25 used as the optical transmission apparatus. 



According to the present invention, the return loss due to Rayleigh 
scattering occurring in a flat polished connector or a long-distance fiber is about 
30 dB. It has been therefore obtained knowledge that when multiple reflection 
due to such reflection is present in the optical transmission line, the 
5 characteristic deterioration caused by multiple-reflected light can be suppressed 
to be lower than 1 dB if the Intermediate frequency f (IF) is set to satisfy the 
expression 500 MHz<f in this configuration. Similarly, it has been obtained 
knowledge that the characteristic deterioration caused by return light can be 
suppressed to be lower than 1 dB if the intermediate frequency f (IF) is set to 
10 satisfy the expression 200 MHz<f. 
Effect of the Invention 
[0014] 

According to the present invention, in optical transmission where 
reflection portions are present on an optical transmission line, the frequency of 

1 5 an electric signal to be transmitted is converted into a frequency within a 
predetermined range higher or lower than the frequency, and electro-optical 
conversion is performed upon the frequency-converted signal by a specific 
electro-optic converter. When the signal is transmitted thus, there occurs no 
deterioration in transmission characteristic due to influence of optical reflection. 

20 Thus, a good optical transmission characteristic can be obtained even in the 
optical transmission line where optical reflection is present. 
Brief Description of the Drawings 
[0015] 

[Fig. 1] An explanatory diagram showing the behavior of an optical signal when 
25 there are reflection portions in an optical transmission line. 



[Fig. 2] An explanatory diagram sliowing the state of signal transmission when 
there is no reflection portion in an optical transmission line. 
[Fig. 3] An explanatory diagram showing a mechanism of occurrence of 
low-frequency region phase noise due to multiple reflection when there are 
5 reflection portions. 

[Fig. 4] A graph showing frequency dependency of CNR when multiple 
reflection is present. 

[Fig. 5] A graph showing frequency dependency of CNR when return light is 
present. 

10 [Fig. 6] A schematic configuration diagram showing an optical transmission 
system according to a first embodiment of the present invention. 
[Fig. 7] A schematic configuration diagram showing an optical transmission 
system according to a second embodiment of the present invention. 
[Fig. 8] A schematic configuration diagram showing an optical transmission 

1 5 system according to a third embodiment of the present invention. 

[Fig. 9] A schematic configuration diagram of a background-art optical analog 
apparatus. 

Description of Reference Numerals 
[0016] 

20 1 multiplexer unit 

2 signal source 

2A first electric transmission line 
2B second electric transmission line 

3 first frequency conversion device 

25 4 semiconductor laser (electro-optic converter; E/0 converter) 



9 



5 optical fiber transmission line 

6 photodiode (opto-electric converter; 0/E converter) 

7 second frequency conversion device 
Best Mode for Carrying Out the Invention 
[0017] 

Embodiments of the invention will be described below in detail with 
reference to the accompanying drawings. 
[First Embodiment] 

Fig. 1 is a schematic configuration diagram showing an optical 
transmission system according to a first embodiment of the present invention. 
This optical transmission system includes an optical transmission apparatus A 
and a reception apparatus B. The optical transmission apparatus A has a 
signal source 1 , a first electric transmission line 2A, a first frequency conversion 
device 3 and a semiconductor laser 4 serving as an electro-optic converter 
{hereinafter referred to as E/0 converter). The reception apparatus B has an 
optical fiber transmission line 5, a photodiode 6 serving as an opto-electric 
converter (hereinafter referred to as 0/E converter), a second electric 
transmission line 2B and a second frequency conversion device 7. 

Of them, the first frequency conversion device 3 provided on the 
optical transmission apparatus A side converts a frequency band of an electric 
signal transmitted from the signal source 1 , into an intermediate frequency (IF) 
lower than this frequency band, that is, into a specific frequency band with 
reflection resistance. 
[0018] 

In the optical transmission system according to this embodiment, the 

10 



first frequency conversion device 3 converts the frequency band into an 
intermediate frequency (IF) which is a frequency (specifically described later) 
with reflection resistance. Accordingly, even if there is a reflection portion 8 in 
the optical fiber transmission line 5, superior optical transmission having no 
5 characteristic deterioration can be performed. In other words, even if an 
electronic signal of a transmission frequency x output from the signal source 1 
is within a frequency range having no reflection resistance, the electronic signal 
can be transmitted with the frequency being converted into a frequency f in an 
optimal frequency band where there is no fear that deterioration in transmission 
10 characteristic occurs due to influence of multiple reflection or the like. Thus, 
good transmission can be obtained even in the optical fiber transmission line 5 
where reflection is present. 
[0019] 

Factors of characteristic deterioration due to optical reflection are 
1 5 found by the inventor of the present invention and will be described here. 
(I) First, with reference to Fig. 2, description will be made about the 
condition of transmission of an optical signal when there occurs no reflection 
phenomenon (reflection portion) in the optical fiber transmission line 5. 

A signal of a frequency x (electric signal frequency x) output from the 
20 signal source 1 is put into the semiconductor laser 4 serving as an E/0 

converter (electro-optic converter) through the electric transmission line 2A, so 
as to generate an optical signal with modulated intensity. Next, this optical 
signal with modulated intensity is transmitted through the optical fiber 
transmission line 5, and 0/E-converted in the photodiode 6 serving as an 0/E 
25 converter (opto-electric converter). Here, when there occurs no reflection 



portion in tlie optical fiber transmission line 5, only deterioration components 
generated In the semiconductor laser 4 (E/0 converter), the photodlode 6 (0/E 
converter) and so on are added to the transmitted signal (see the shaded 
portion in Fig. 2). 
5 [0020] 

(II) On the other hand, Fig. 3 shows the condition of transmission of an 
optical signal when there occurs a reflection phenomenon (reflection portion 8) 
In the optical fiber transmission line 5. 

An optical signal output from the signal source 1 , put in the 

1 0 semiconductor laser 4 serving as an E/0 converter through the electric 

transmission line 2A and E/O-converted In the semiconductor laser 4 Is guided 
into the optical fiber transmission line 5 and propagated therein. The optical 
signal Is detected and then converted Into an electric signal by the photodlode 6 
serving as an 0/E converter. 

1 5 However, when there are reflection portions 8 In the optical fiber 

transmission line 5 (assume that there are two reflection portions 6), there are 
not only a component (a) incident directly on the photodlode 6 from the 
semiconductor laser 4 but also a component (P) derived from light 
multiple-reflected between reflection portions 8A and 8B and Incident on the 

20 photodlode 5 additionally with a delay, and a component (y) derived from light 
Fresnel-reflected by the reflection portion 8A and Incident on the semiconductor 
laser 4 again. Here, when the optical signal component (a) propagated directly 
and the optical signal component (p) multiple-reflected are detected In the 
photodlode 6, the optical signal component (P) appears as beat noise In the 

25 electric signal, and behaves as an unnecessary component for the original 



12 



optical signal component (a). Thus, the transmission quality is affected. 
[0021] 

Next, qualitative description will be made about behavior of light when 
multiple reflection occurs due to the existence of the reflection portions 8 (8A 
5 and SB) in the optical fiber transmission line 5, and particularly about the 
mechanism of occurrence of low-frequency region phase noise. 

Fig. 4 shows the condition of signal transmission at the time of multiple 
reflection. When this multiple reflection exists in the optical fiber transmission 
line 5, a multiple-reflection component is incident on the photodiode 6 

10 (component p in Fig. 4) in addition to an optical signal (component a in Fig. 4) 
incident directly on the photodiode 6 serving as an 0/E converter. On the 
other hand, square-law detection is applied to those components in the 
photodiode 6 serving as an 0/E converter, so that there occurs beat noise 
serving as an unnecessary component for the original signal. Particularly due 

15 to a very small difference in optical frequency between the direct light 

component (a) from the semiconductor laser 4 and the multiple-reflected light 
component (P), an electric signal based on the square-law detection 
concentrates in a low frequency region, so that phase noise (shaded portion 5, 
which will be referred to as "low-frequency region phase noise") is added. As 

20 a result, when the electric signal frequency x is low, the aforementioned 

low-frequency region phase noise component (6) is also added to the original 
phase noise, causing deterioration of the transmission characteristic. 
[0022] 

The present inventor carried out testing for evaluating the CNR 
25 characteristic when multiple reflection was present due to the existence of the 



13 



reflection portions 8 in tine optical fiber transmission line 5. Fig. 5 shows CNR 
frequency dependency when the multiple reflection was present. In Fig. 5, the 
ordinate designates a deviation from CNR in the state (non-reflection state) 
where there is no optical reflection. It is understood from Fig. 5 that the CNR 
5 characteristic deteriorates greatly in a region lower than a frequency (2 GHz in 
Fig. 5), and it can be confirmed that the CNR characteristic has frequency 
dependency. 

In addition, an optical isolator is generally provided in a light output 
portion of the semiconductor laser 4. In recent years, however, due to request 

1 0 to reduce the cost, there is a case that no optical isolator is used particularly 
when a Fabry-Perot type semiconductor laser having a certain amount of 
resistance against reflected return light is used. In this case, a part of an 
optical signal reflected by the reflection portion 8 (mainly shown by y in Fig. 3; 
another part reflected by the reflection portion 8B may penetrate the reflection 

1 5 portion 8A and goes backwards, but it can be ignored approximately) returns to 
the semiconductor laser 4 itself. As a result, when this reflected return light 
increases conspicuously, the oscillation condition of the semiconductor laser 4 
is made unstable. 
[0023] 

20 Therefore, testing to evaluate frequency dependency was carried out 

upon reflected return light (optical signal component y) in the same manner as 
upon the aforementioned multiple reflection. Fig. 6 shows the frequency 
dependency of CNR when the reflected return light was present. 

It is understood from Fig. 6 that the CNR characteristic deteriorates 

25 greatly in a region lower than a certain frequency (2 GHz in Fig. 6), and it can 



14 



be confirmed that the transmission characteristic has frequency dependency 
when reflected return light is present. 

In such a manner, the present inventor acquired knowledge that when 
the reflection portions 8 are present in the optical transmission line 5, the CNR 
5 characteristic deteriorates due to the aforementioned reflected light components 
(optical signal components p and y) while the deterioration is smaller on the high 
frequency side due to frequency dependency thereof. The present inventor 
can first obtain this behavior of light in the light transmission line as a result of 
various experiments and theoretical consideration as described above. 

10 [0024] 

[Second Embodiment] 

Next, description will be made about an optical transmission system 
according to a second embodiment of the present invention. In this 
embodiment, parts the same as those in the first embodiment are referenced 

1 5 correspondingly, and redundant description thereof will be avoided. 

Fig. 7 is a schematic configuration diagram showing the optical 
transmission system according to this embodiment. In an optical transmission 
apparatus of this optical transmission system, a frequency band of an electric 
signal transmitted from a signal source 1 is converted into a predetermined 

20 frequency band higher than the frequency band by a first frequency conversion 
device 3 differently from that in the first embodiment. In this embodiment, a 
semiconductor laser based on single-mode oscillation is used as a 
semiconductor laser 4 serving as an electro-optic converter, in the same 
manner as in the first embodiment. 

25 [0025] 

15 



Here, in the optical transmission apparatus according to this 
embodiment using the single-mode oscillation semiconductor laser 4 as an E/0 
converter, the present inventor measured CNR characteristic after transmission 
for an intermediate frequency (IF) f in the same manner as in Fig. 5. That is, 
5 when two reflection portions 8 appeared in an optical fiber transmission line 5, 
testing for evaluating CNR characteristic while changing multiple reflection (total 
return loss between the two points) due to these reflection portions 8 was 
performed. 
[0026] 

10 With deterioration in reflection condition, 1 dB or more deterioration 

was observed also in CNR. Thus, it was proved that reflection resistance has 
frequency dependency. That is, it was proved that in a bad reflection condition 
(total return loss<40 dB; the broken line portion in the graph of Fig. 5) where 
Fresnel reflection (reflection occurring in an interface between different 

1 5 refractive indexes) exists, characteristic deterioration of a transmitted signal can 
be avoided in spite of multiple reflection caused by such reflection when the 
intermediate frequency (IF) f is set to satisfy the following expression: 
2GHz<f 

[0027] 

20 The return loss due to Rayleigh scattering (scattering phenomenon 

caused by resonance between light and crystal grains) occurring in a flat 
polished connector or a long-distance fiber is about 30 dB. It was therefore 
proved that when multiple reflection due to such reflection or such scattering is 
present in the optical transmission line (total return loss<60 dB; the solid line 

25 portion in Fig. 5), the characteristic deterioration caused by optical reflection can 



be suppressed to be lower than 1 dB if the intermediate frequency f (IF) is set to 
satisfy the following expression: 

500MHz<f ...(1) 

In such a manner, in the optical transmission apparatus according to 
5 this embodiment using the single-mode oscillation semiconductor laser 4, the 
intermediate frequency f is set in a range satisfying the expression (1). 
Accordingly, even if two reflection portions are present in the optical fiber 
transmission line 5, good transmission without characteristic deterioration 
caused by multiple reflection can be realized. 
10 [0028] 

[Third Embodiment] 

Next, an optical transmission system according to a third embodiment 
of the present invention will be described. In this embodiment, parts the same 
as those in the first embodiment are referenced correspondingly, and redundant 
1 5 description thereof will be avoided. 

Fig. 8 is a schematic configuration diagram showing the optical 
transmission system according to this embodiment. In an optical transmission 
apparatus of this optical transmission system, a multi-mode oscillation 
semiconductor laser 4 is used as an E/0 converter. 
20 [0029] 

Here, by use of the optical transmission apparatus according to this 
embodiment having the multi-mode oscillation semiconductor laser 4 as an E/0 
converter, the present inventor measured CNR characteristic after signal 
transmission for an intermediate frequency (IF) f in the same manner as in Fig. 
25 6 while changing the amount of reflection (return loss at one point) incident 

17 



again on the semiconductor laser 4 from a reflection portion 8 of an optical fiber 
transmission line 5. 

According to this measurement, with deterioration in reflection 
condition in the reflection portion 8, deterioration in CNR characteristic was 
5 observed. Thus, it was also proved here that reflection resistance has 

frequency dependency. That is, it was proved that in a bad reflection condition 
(return loss<20 dB; the broken line in the graph of Fig. 5) where Fresnel 
reflection exists, characteristic deterioration of a transmitted signal can be 
avoided in spite of return light due to such reflection when the intermediate 
1 0 frequency (IF) is set to satisfy the following expression: 

500MHz<f 

[0030] 

The return loss due to Rayleigh scattering occurring in a flat polished 
connector or a long-distance fiber is about 30 dB. It was therefore proved that 

15 when such reflection is present in the optical transmission line (return loss<30 
dB; the solid line in Fig. 5), the characteristic deterioration caused by return light 
due to optical reflection can be suppressed to be lower than 1 dB if the 
intermediate frequency is set to satisfy the following expression: 
200MHz<f ...(2) 

20 In such a manner, in the optical transmission apparatus according to 

this embodiment using the multi-mode oscillation semiconductor laser 4, the 
intermediate frequency f is set in a range satisfying the expression (2). 
Accordingly, even if the reflection portions 8 are present in the optical fiber 
transmission line 5, good transmission without characteristic deterioration 

25 caused by reflected return light can be realized. 



[0031] 

The present invention is not limited to tlie aforementioned 
embodiments at all. The invention can be carried out in various modes within 
a range not departing from its gist. 
5 [0032] 

Although the present invention has been described in detail with 
reference to its specific embodiments, it is apparent for those skilled in the art 
that various changes or modifications can be made on the invention without 
departing from the spirit and scope of the invention. 
10 This application is based on a Japanese patent application, Application 

No. 2004-180792 filed on June 18, 2004, the contents of which are incorporated 
herein by reference. 
Industrial Applicability 
[0033] 

1 5 The present invention is provided with a frequency converter for 

converting a frequency band of a to-be-transmitted electric signal into a specific 
frequency band higher than the frequency band, and a semiconductor laser or 
an optical modulator serving as an electro-optic converter for performing 
electro-optic conversion upon the frequency-converted to-be-transmitted electric 

20 signal. There is an effect that a good optical transmission characteristic can be 
obtained even if a reflection phenomenon occurs in an analog signal in an 
optical transmission line. Further, the present invention is provided with a 
frequency converter for converting a frequency band of a to-be-transmitted 
electric signal into a frequency band lower than the frequency band and not 

25 lower than 500 MHz or 200 MHz, and a single-mode oscillation laser or a 



multi-mode oscillation laser serving as an electro-optic converter for performing 
electro-optic conversion upon the frequency-converted to-be-transmitted electric 
signal. Thus, there is a similar effect. Accordingly, the present invention is 
useful for an optical transmission apparatus or the like for optically transmitting 
5 an analog signal such as a video signal, a mobile radio communication signal or 
the like by use of an optical transmission line. 



20 



